Although surfers have high incidental exposure to marine waters, no studies have investigated if surfer risk behaviors (such as surfing during advisories, near an outfall, during a rain event, or use of personal protective equipment) increase or decrease the risk of acquiring waterborne illnesses. We used a web-based survey to assess the association between risk-based behaviors and self-reported illnesses among Pacific Northwest surfers. Commonly reported illnesses include: ear infection or discharge (38%), sore throat or a cough (28%), diarrhea (16%), fever (10.5%), and vomiting (7%).
INTRODUCTION
respectively, which is markedly higher than those for swimmers and divers. This ingestion amount compares to an average amount of water swallowed by recreational swimmers who are children and adults to be 37 mL and 16 mL, respectively (Dufour et al. ) , and by recreational and occupational divers who ingest 9 and 9.8 mL of marine water per dive, respectively (Schijven & de Roda Husman ) . Estimates of water intake for surfers were markedly higher (mean ¼ 170 mL/day) than those for swimmers and divers. Despite the cold annual water temperatures (13 W C), 57 Oregon beaches are used year round for surfing, with the primary surfing activity occurring from fall through spring, which corresponds to the majority of rainfall events throughout the year (Benedict & Neumann ) . Oregon has 362 miles of coastline, with public access to all of the beaches. 
METHODS

Survey design and development
To obtain information on risk behaviors and self-reported illnesses using a cross-sectional study design and point prevalence for the illnesses, we developed a web-based ques- Oregon. In addition, coastal surf shops were mailed a letter introducing the study and an informational flyer was included that directed potential participants to either the Surfrider or the Oregon Surf websites. This letter requested the assistance of shop owners to post the flyer and assist the researchers in the recruitment by encouraging shop patrons to go to the websites to participate in the survey. These mailings were followed up by a phone call to answer any questions or concerns about the survey. Potential participants were not required to be paid members of the Surfrider Foundation to participate in the survey.
Data analysis and storage
Descriptive statistics including proportions or means along with standard errors were calculated for all variables of interest in the study. The proportion of surfers who reported surfing during an advisory, not surfing during an advisory, or not knowing if they surfed during an advisory, was calculated across three categories of self-reported illnesses and a chi-square test was used to evaluate the association.
In addition, univariate and multivariate association of covariates with individual self-reported illnesses were evaluated using unadjusted and adjusted logistic regression models, respectively. Univariate analyses were carried out using independent logistic regression models for each predictor and health outcome and multivariate logistic regression models were used to adjust for all significant risk factors on each health outcome. Odds ratios (ORs) and 95% Center monitored data collection and forwarded the database to the investigators after data cleaning and preliminary analysis had been completed.
RESULTS
The set of completed questionnaires was submitted from primarily males (89%), who were white (91%), and had some type of college education (93%). A total of 510 questionnaires were received and the greatest proportion of non-responses were observed for the question rewarding the use of earplugs (30%), but most variables were missing information for less than 10% of the responses. Survey participants ranged between 15 and 64 years of age, with a mean age of 33 years. Surfing experience ranged from less than one year to 51 years, with a mean surfing experience of 12 years. Participants reported annual incomes evenly spread between less than $15,000 to over $100,000. Five illnesses were most commonly reported: ear infection or discharge (38%), sore throat or a cough (28%), diarrhea (16%), fever (10.5%), and vomiting (7%), summarized in Table 1 .
Self-reported risk behaviors
In addition to surfing-related illnesses, surfers were asked whether they have surfed during the time a health advisory had been issued. The majority of surfers, nearly 40%, were not sure whether they surfed during a health advisory and 28% reported surfing at the time a health advisory had been issued (see Table 2 ). Less than a third (32%) reported not surfing during the period of a health advisory. A significant association was observed between the number of selfreported illnesses and surfing during a health advisory (χ 2 p-value ¼ 0.003) (see Figure 1 ). Among those who reported no illnesses related to surfing (n ¼ 216), 20%
surfed during a health advisory, 37% have never surfed during an advisory, and 43% were not sure. For surfers who reported experiencing one or two illnesses (n ¼ 134), 32% surfed during a health advisory, 28% never surfed during an advisory, and 40% were not sure. For those experiencing three or more illnesses (n ¼ 141), 44% surfed during a health advisory, 32% reported not surfing during an advisory, and 24% were not sure (see Figure 1) .
Results of the self-reported behaviors are summarized in Table 2 and were also estimated across self-reported illness.
Most surfers reported surfing during a rain event often (41.9%) or sometimes (50.2%), while only a few reported never surfing during a rain event (7.9%). 24.7% surfed 3-4 times a month, 27.3% surfed 5-10 times during a month, and 17% surfed more than 10 times in a month. Lastly, about a third (33%) of surfers reported engaging in body surfing. Multivariate results are summarized in Table 3 .
Multivariate analyses
The range for some of the CIs were wide partially due to the small cell size of the particular health behavior. For example, never surfing during a rain event was reported only by 38 individuals (7.85%) and wearing earplugs was only reported by 33 participants (9.14%).
Even though we did not specifically examine surfing injuries or other hazards, we also asked participants about any previous surfing-related injuries or shark encounters.
Overall, 290 participants (58.8%) reported having had an injury related to surfing and 89 (18.2%) reported having a shark encounter in the past (data not shown).
DISCUSSION
We identified self-reported adverse illnesses consistent with waterborne exposure to microbial contaminants in our study of active surfers in the Pacific Northwest. These included fever, diarrhea, sore throat or cough, ear infection or discharge, and vomiting. Our findings of specific illnesses in this self-selected group of surfers are similar to prior studies that examined recreational users in ambient waters. In a California study, symptoms of GI illness, sore throat, eye and skin infections were observed in surfers, with reported symptoms increasing by 10% for each 2.5 hours of weekly Other risk-based behaviors that influenced the reporting of illnesses included the recognition of whether an advisory was active during surfing and if that knowledge altered behavior (i.e., if the respondent continued to surf). An unexpected finding is that approximately 40% of surfers were unaware whether they had surfed during an advisory and 29% stated that they had knowingly surfed with an advisory in effect. A significant response was observed between the number who reported diarrhea and sore throat while surfing during an advisory (Figure 1) . We found an increasing number of illnesses reported with increased proportions of surfers who surfed during an advisory. This is important information, as the Oregon Health Authority releases information about advisories to the media (television, newspaper, radio) and to the local authorities, posts advisory information on their website, and posts signs at the affected beaches (OHA ). When an advisory is issued for a particular beach, water contact is discouraged, and the website advises that people should avoid any activities during which they might swallow water, such as swimming, surfing, diving, and kayaking. It is also advised that people should wash their hands thoroughly before eating if playing in or around water that has elevated bacteria levels.
Although there is not agreement about the extent to which advisories protect public health, given that advisories are often not synchronous with contamination events, the posting of health advisories is an attempt by state health authorities to warn the potential beach users that fecal indicator bacteria levels exceed thresholds of acceptable health risk (Turbow ) . Given that surfers in this study either did not know that they were surfing during an advisory, or This is a common risk factor for otitis externa and other ear infections that could explain the observed association between earplug use and self-reported fever, diarrhea, and ear infections. However, given the cross-sectional design of the present study it is also possible that surfers that used earplugs were doing so because of previous or ongoing ear infections. Therefore, reverse causality cannot be ruled out. Further education on the adequate type and use of earplugs could benefit this population.
The potential for selection bias in our study exists because survey participants self-selected to visit the website ( and also demonstrate advantages of quick turn-around time for data collection and accessibility to a large population, as compared to other survey methods (Turbow et al. ) . Online surveys also offer cost-savings due to reduction in costs due to printing questionnaires and entering data for mail surveys or interviewer time for telephone surveys. These advantages must be viewed along with the limitations of inference due to the self-selected sample.
Because our questionnaire was posted on the Oregon Surfrider website, we expected that the majority of our participants would be members of Surfrider Foundation, who would be frequent visitors to this site. However, we also posted announcements for the study on the Oregon Since there is no list that registers all surfers in the Pacific Northwest, it was not possible to conduct a probability sample of all surfers using a list frame. The approach taken provides a cost-effective approach to obtain views from Pacific Northwest surfers. We recognize the results are not generalizable to the population of surfers regionally, nationally, or worldwide, and that the results may be biased since they do not represent the harder-to-select population.
It is also not possible to compute response rates since there are no data to determine exactly how many surfers saw the questionnaire. In addition, surfers who were interested in completing this questionnaire may have been more frequent surfers (and therefore ingest more water)
than those who did not complete the questionnaire, leading to the possibility of overestimating the reported illnesses from the entire Pacific Northwest surfing population.
We also acknowledge that the questionnaire responses for illnesses are self-reported rather than documented medical 'cases'. While this is recognized as a limitation, our findings confirm what others who have used web-based illness surveys have also discovered; web-based surveys may be a useful supplement or alternative to epidemiologic investigations of surfers or other marine water recreationalists, and that these methods may ultimately contribute to an improved illness surveillance system (Turbow et al. ) .
We add to our optimism, however, a note of caution in recognizing that web-based surveys do not necessarily pro- 
